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Abstract
Desertion of offspring before its independence by one of the parents is observed in a number of avian species with bi-parental care
but reasons for this strategy are not fully understood. This behaviour is particularly intriguing in species where bi-parental care is
crucial to raise the brood successfully. Here, we focus on the little auk, Alle alle, a small seabird with intensive bi-parental care,
where the female deserts the brood at the end of the chick rearing period. The little auk example is interesting as most hypotheses
to explain desertion of the brood by females (e.g. “re-mating hypothesis”, “body condition hypothesis”) have been rejected for
this species. Here, we analysed a possible relationship between the duration of female parental care over the chick and her
chances to survive to the next breeding season. We performed the study in two breeding colonies on Spitsbergen with different
foraging conditions – more favourable in Hornsund and less favourable in Magdalenefjorden. We predicted that in Hornsund
females would stay for shorter periods of time with the brood and would have higher survival rates in comparison with birds from
Magdalenefjorden. We found that indeed in less favourable conditions of Magdalenefjorden, females stay longer with the brood
than in the more favourable conditions of Hornsund. Moreover, female survival was negatively affected by the length of stay in
the brood. Nevertheless, duration of female parental care over the chick was not related to their parental efforts, earlier in the chick
rearing period, and survival of males and females was similar. Thus, although females brood desertion and winter survival are
linked, the relationship is not straightforward.
Significance statement
When bi-parental care is crucial to raise the brood successfully, one parent desertion raises the question of why this happens. We
examined this issue in the little auk, a small seabird with females deserting the brood at the end of the chick rearing period. We
hypothesised that females deserting the brood save residual energy and, in this way, increases their chance to survive to the next
breeding season. We found that duration of female parental care depends on environmental conditions, with longer staying with the
brood in less favourable conditions. As expected, female survival decreased with duration of their staying with the brood but it was not
related to their parental efforts (i.e. number of chick feedings, duration of foraging flights). In addition, survival of males and females
was similar. Thus, although little auk females brood desertion and winter survival are linked, the relationship is not straightforward.
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Introduction
Female brood desertion in avian species with bi-parental care
remains poorly understood, mostly because since Trivers’
(1972) influential paper, the evolution of mating systems has
been considered through the lens of the necessity of male care.
When bi-parental care is not essential to rear offspring, males
are often selected to desert or at least to reduce effort invested
into the current brood. Owing to higher reproductive potential
(i.e. higher number and rate of gametes production), males
may benefit more than females from mating with additional
partners, i.e. “re-mating hypothesis” (Trivers 1972; Bennett
and Owens 2002; Orians 2011). Nevertheless, in some species
it is possible for the female to desert the brood, leaving the
partner to continue the care (e.g. Griggio et al. 2005;
Rossmanith et al. 2009; Morton et al. 2010; Korpimäki et al.
2011; Béziers and Roulin 2016).
Considering the re-mating hypothesis in a broader context,
the brood is deserted by the sex with a higher chance to re-
mate (Székely andWilliams 1995; Szekely and Cuthill 2000).
Although males are favoured by basic sex differences in re-
productive potential, the chances for re-mating may be cir-
cumstance-dependent. For example, in the Kentish plover,
Charadrius alexandrinus, much depends on the current oper-
ational sex ratio in the adult population, and since it is often
male-biased, females have a higher chance for successful re-
mating, and so they are the deserting sex (Blashine and
Blomqvist 1999; Pilastro et al. 2001; Webb et al. 2002).
Opportunity for re-mating, however, reduces with progress
of the breeding season (Szekely and Cuthill 2000; Griggio
2015) and for single-brooded species is non-existent.
Examining such species may actually help to understand the
most basic conditions for brood desertion.
The little auk (dovekie), Alle alle, is an example of a spe-
cies for which the re-mating hypothesis fails to explain female
brood desertion. For this small seabird, bi-parental care is
crucial to raise the single chick successfully (Kidawa et al.
2012), and only at the end of the nesting period females desert
their broods. Male parents continue the care and accompany
their fledgling in its first flight to sea (Harding et al. 2004;
Wojczulanis-Jakubas and Jakubas 2012), where it is believed
they stay with the young for several weeks (Stempniewicz
2001). Little auks breed exclusively in the High Arctic zone
(Stempniewicz 2001), during a short, two month long nesting
period (4 weeks of incubation, and 3–4 weeks of chick rear-
ing). They have to exploit the narrow window of time of the
Arctic summer and do that with great precision. Females start
egg-laying a week after ambient temperature achieves a con-
stant (above 0 °C) level, and the fledging period terminates a
week before ambient temperature drops again below 0 °C
level (Moe et al. 2009). In these conditions, a second breeding
attempt is impossible. Even re-nesting birds that lost their
brood very early in the season, have chicks with lower body
mass and survival rate compared to the chicks from non-
replacement broods (Jakubas and Wojczulanis-Jakubas
2013). Thus, little auk females deserting their brood do not
benefit from re-mating.
Another hypothesis to explain brood desertion is that it is
triggered by decline in a parent’s body condition
(Wojczulanis-Jakubas et al. 2012). Indeed, body condition
of provisioning adults has been proven to affect decisions
about brood desertion in other avian species (body condition
hypothesis), and there are two forms of that relationship. The
first is when the parent deserting the brood is in relatively
good body condition, which favours re-mating (Barta et al.
2002; Bleeker et al. 2005). The second form is that the parent
deserts the brood due to poor body condition, thus, leaving the
brood secures its own survival (Gratto-Trevor 1991; Pierce
1997; Roskaft 2006). However, in little auks no evidence
has been found to support the body condition hypothesis in
either form. First, parental effort of males and females is sim-
ilar, if not male-biased (Harding et al. 2004; Welcker et al.
2009b; Wojczulanis-Jakubas et al. 2009, 2014a), which partly
eliminates a potential reason for the expected poorer body
condition of females. Secondly, the body condition of females
has been analysed in detail, and their size-adjusted body mass,
haematological parameters, and stress hormones have all been
found to be similar to those of males (Wojczulanis-Jakubas
et al. 2012, 2014a, b, 2015). Moreover, body condition of
females is not considerably worse at the end of the chick-
rearing period compared to earlier stages of breeding
(Wojczulanis-Jakubas et al. 2012). Even potentially costly
egg production by the female (the egg mass constitutes 20%
of female body mass; Stempniewicz 2001), seems to be com-
pensated early in the season (Jakubas et al. 2008;
Wojczulanis-Jakubas et al. 2014b). However, even if females
do less than males, and even if their body condition is quite
good at the end of the chick rearing period (and similar to that
of males), it is still possible they are more prone than males to
costs of breeding, and so may pay for those costs during the
wintering period (Wojczulanis-Jakubas and Jakubas 2012).
This sex-dependent cost of breeding may be related to basic
sex differences in anatomy and physiology (i.e. females are
slightly smaller and have a different hormonal balance). Thus,
female little auks could desert their broods to secure their own
future survival (as suggested for semipalmated sandpipers,
Calidris pusilla,Gratto-Trevor 1991). The male partner might
also benefit from female desertion, as the next season pair
members are very likely to breed together (Stempniewicz
2001).
Thus, in this study we examined a possible relationship
between the duration of female parental care over the chick
and her wintering survival. For that purpose we analysed the
duration of parental care over the chick in regard to adult
wintering survival at two colonies, Hornsund and
Magdalenefjorden (Spitsbergen, Norway). The two colonies
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located along the West coast of Spitsbergen, ca 300 km apart,
differ in terms of environmental conditions in the little auk
foraging areas (Jakubas et al. 2011). In Hornsund, the birds
forage in the shelf area, which is primarily influenced by cold
water masses, abundant in energy rich, Arctic zooplankton. In
Magdalenefjorden area the shelf is more influenced by warm
water masses, which are dominated by smaller, less caloric,
Atlantic zooplankton (Kwasniewski et al. 2010). The inter-
colony differences in foraging conditions have the potential
to differentiate birds’ parental effort (Karnovsky et al. 2010,
2011; Hovinen et al. 2014b; Kidawa et al. 2015; Amélineau
et al. 2016), which, in turn, may affect duration of parental
care and/or adult survival. Although, in an evolutionary sense,
long-lived species, such as the little auk, are predicted to pri-
oritize self-maintenance and thus survival, at the cost of cur-
rent reproduction (Beaulieu et al. 2011; Ghalambor and
Martin 2016), parents may increase their parental investment
in the short term when it is necessary, to secure the current
breeding attempt. A study on little auk parents with experi-
mentally increased flight costs during the chick-rearing period
revealed that they are able to increase parental effort to some
extent (Harding et al. 2009). Also, it has been revealed that
artificially increased chick-begging intensity (by the exoge-
nous corticosterone administration) induced a higher feeding
frequency by little auk parents (Kidawa et al. 2017). An ex-
tension of parental effort, however, may affect parents’ sur-
vival. Thus, we assumed that duration of female parental care
in the little auk, even if related to the future survival of the
female, is flexible. Indeed, the duration of parental care over
the chick varies among females (Wojczulanis-Jakubas and
Jakubas 2012) and seems to be different in Hornsund and
Magdalenefjorden. Although it has not been examined delib-
erately in Hornsund, and this study is the first investigating it
systematically, existing data suggest that females from that
colony disappear earlier (a week before chicks fledge;
Harding et al. 2004) than females from Magdalenefjorden,
where the issue was analysed in detail (0–4 days before chicks
fledge; Wojczulanis-Jakubas and Jakubas 2012).
Examining in detail the duration of parental care over the
chick provided by little auk females in the two colonies, we
expected there would be inter-colony differences. We
hypothesised that females from Hornsund, who invest in
chick-rearing for a shorter amount of time, have higher win-
tering survival compared to females from Magdalenefjorden.
As a control, we compared female vs male survival in the two
colonies, expecting no sex differences in the colony with a
more favourable foraging conditions in Hornsund, and higher
survival of males than females in Magdalenefjorden colony
with less favourable foraging conditions. Moreover, to further
comprehend a triggering mechanism of brood desertion by
little auk females, we examined the duration of female paren-
tal care over the chick in relation to the parental effort (forag-
ing trip frequency and duration).
Materials and methods
Study area
The two breeding colonies in which we carried out the present
study, Hornsund (SW Spitsbergen, 77°00’ N, 15° 33′ E) and
Magdalenefjorden (NW Spitsbergen, 79° 35’N, 11°05′ E), are
both considered the biggest breeding aggregations of the little
auk in Spitsbergen (Keslinka et al. 2019). Both colonies are
under the influence of two currents – the Sørkapp Current
which carries cold, less saline Arctic water, and the West
Spitsbergen Current (an extension of the Norwegian Atlantic
Current), which transports warmer, more saline Atlantic water
(Cottier et al. 2005; Piechura and Walczowski 2009).
However, due to an oceanographic system of the water
masses, the range of the two currents are different for the
two colonies. The Hornsund area is primarily under influence
of the cold water current, while Magdalenefjorden area is
dominated by the warm one (Tuomo and Harald 2001;
Walczowski and Piechura 2007) (Fig. S1). Thus, the birds
from Hornsund utilize mainly cold water masses with
energy-rich prey within the shelf area (8–93 km from the
colony; Karnovsky et al. 2003; Jakubas et al. 2013, 2014),
while those from Magdalenefjorden forage in less profitable
warm water masses (Kwasniewski et al. 2010). Besides, birds
fromMagdalenefjorden also utilize more distant but profitable
foraging areas, at the edge of the sea ice (150 km from the
colony; Jakubas et al. 2012, 2013). Consequently, to meet
chick energy requirements, birds from Magdalenefjorden
(compared to those from Hornsund), tend to perform fewer
chick feedings and make longer foraging trips [in terms of the
distance (Jakubas et al. 2013) but not necessarily in terms of
time (Kidawa et al. 2015; see also a comparison of study
seasons in the supplementary materials)].
Fieldwork
It was not possible to record data blind because our study
involved focal animals in the field, nevertheless the sex of
birds during the observations was known and the person
(KWJ) performing molecular sexing was oblivious of birds
identity.
To examine food provisioning and/or duration of parental
care of little auk males and females, we performed direct 24–
48 h continuous observations in the two colonies (Hornsund
and Magdalenefjorden; for more details about the observa-
tions see Wojczulanis-Jakubas and Jakubas 2012) and/or con-
tinuous 48 h video recording (Hornsund) of individually
marked individuals (Table 1; the mode of registering birds
behaviour was related to logistics). For that purpose, ca two
weeks before the onset of the first observation/recording ses-
sion in a given season, we marked both breeding partners at
focal nests using the system of plastic rings on legs and marks
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painted on the breast feathers, both of unique colour combi-
nations (see Table 1 for details on sample sizes). This marking
system allowed us to reliably recognize an individual if pres-
ent in the nest site area. All these birds were also registered in a
capture-recapture database (see details below).
We followed all the focal nests for hatching and fledging
by daily inspection of the nest content starting a week before
the expected time of hatching and fledging. Thus, we knew
the age of the chicks in all the nests with 1-day precision. In all
the nests we followed the male partner if he continued the care
after the female desertion and recorded whether the chick
fledged successfully.
During observations, we continuously observed focal indi-
viduals and noted their presence in the colony every 10 min.
We recorded all events of chick-feeding [bird appears after a
period of absence in the colony, and enters the nest with a
gular pouch filled with food; see more details on the observa-
tion routine in (Wojczulanis-Jakubas and Jakubas 2012;
Grissot et al. 2019)]. For automatic recording of colony atten-
dance of birds and chick feeding frequency, we set video
cameras (four types, commercial HD models, with 1-s time
lapse mode) at each focal nest. The camera recorded a 3 m
radius of the focal nest entrance continuously for ≥ 48 h. We
manually screened the video material in search of marked
individuals using VLC software (VideoLAN, France). As
for the direct observations, we noted the birds’ presence/
absence and feeding frequency but with 1-s precision.
To analyse little auk survival, we used capture-recapture
data collected in seasons 2001–2017 in Hornsund and 2007–
2011 in Magdalenefjorden. The birds considered in the pres-
ent study were captured by hand while incubating and/or
brooding in nests. We considered only nests for which we
could identity both members of the pair. We ringed each
new capture with a unique number (Stavanger, Norway) and
we took a small blood or feather sample for the purpose of
molecular sexing (following the methods described in Jakubas
andWojczulanis 2007). In total, we considered in the analysis
737 birds from Hornsund, and 269 from Magdalenefjorden
(for details see Tables S1, S2).
Data analysis
Data sources. Data on Hornsund female brood desertion are
analysed here for the first time, while descriptive data on the
duration of female parental care in Magdalenefjorden have
already been presented in Wojczulanis-Jakubas and Jakubas
2012. Here, data from Magdalenefjorden are used in compar-
ison with Hornsund.
Duration of female parental care over the chick. Since the
exact day of colony departure was not known for all the fe-
males (for some females there was 1–4 days gap between the
last observation and the first day of confirmed absence; see
Fig. 1 mid panel for exact number of these females for each
colony) we treated these records as censored data (i.e. un-
known exact time of female desertion) in the Cox model
(Fig. 1 bottom panel). For all the analyses, where we consid-
ered duration of female parental care over the chick, we aver-
aged the last observation of the female and the first day of her
confirmed absence, and we refer to this as the estimated dura-
tion of female parental care over the chick (also estimated
chick age at the female desertion).
In Hornsund, we collected data on the duration of female
parental care for three seasons (2004, 2016, 2017), and in
Magdalenefjorden for two seasons (2009 and 2010)
(Table 1). There were inter-seasonal differences in the dura-
tion of female parental care (but not in duration of the nesting
period) in the Hornsund colony, where the period of chick
Table 1 Schedule, sample size
and duration for the direct
observations and video
recordings. Number of nests in
brackets indicate the same nest
being monitored for the two
stages of the chick rearing period
in given season





Magdalenefjorden 2009 mid (mean 10 d) 12 48 h observation
late (16-25d) (12) 24 h observation
2010 mid (mean 12 d) 26 48 h observation
late (16–25 d) (26) 48 h observation
Hornsund 2004 late (starting from 14 d) 12 > 48 h video
2016 mid (11 d) 17 48 h observation
late (starting from 20 d) (17) > 24 h video
2017 mid (13–14 d) 8 48 h video
late (starting from 20 d) (8) > 48 h
Table 2 The three top models with Δ AIC < 2 for the full data set (see
Table S3 for a ranking of all the fitted models)
Data set Model No. parameters Δ AIC
Full ϕsite, psite 4 0.00
Full ϕsite, psex, site 5 1.29
Full ϕsex, site, psite 5 1.99
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rearing by females increased over the years. For
Magdalenefjorden we did not observe such differences (Fig.
S3, S4). This inter-seasonal difference in the Hornsund colony
may be an effect of inter-annual fluctuations in foraging con-
ditions but it is also possible that ongoing climate change are
having an effect. If female brood desertion is a flexible trait
that is related to environmental conditions, as we advocate in
the present study, deteriorating environmental conditions in
the Hornsund area (indeed the annual influx of warm water
masses in Hornsund is greater at present than was observed a
decade ago; Promińska et al. 2017) might explain the longer
duration of female parental care. Nevertheless, for the pur-
poses of the present study, we pooled data from all the seasons
for each colony so we could compare various traits between
the two colonies without the loss of degrees of freedom.
To compare duration of female parental care between
the two colonies we fitted a Cox proportional hazards re-
gression model using survminer (Kassambara et al. 2018)
and survival (Therneau and Lumley 2019) packages in R
software (R Core Team 2018). We tested this relationship
with a likelihood ratio test (LRT) and considered it signif-
icant at p value of <0.05. Since inter-colony differences in
duration of female parental care may be related to inter-
colony differences in duration of the nesting period, we
also compared the duration of nesting period between the
two colonies. To do so, we performed a permutation test,
randomizing the duration of nesting period between the
colonies, calculating the inter-colony difference and then
comparing it with the observed one in total of 1000 itera-
tions. If the observed difference in duration of the nesting
period between the two colonies was within the central
95% differences obtained in the randomisation procedure,
then we considered it statistically insignificant.
Survival. To analyse winter survival of adult males and
females from the two colonies (capture-recapture data), we
used the Cormack-Jolly-Seber model (CJS) (see, for example,
McCrea and Morgan 2014), which provides estimates of an-
nual survival (ϕ) whilst accounting for imperfect detection
(capture probability p). We fitted models with all possible
combinations of site and sex covariates in the survival ϕ and
capture parameter p. We compared the models using an
information-theoretic approach, with AIC as the chosen crite-
rion (Zuur et al. 2009), with ΔAIC =AIC – min (AIC). We
further considered only models with ΔAIC < 2 (Burnham and
Anderson 2002).
The differences in the number of years for each data set
(Hornsund: 15, Magdalenefjorden: 5) did not affect the pa-
rameter estimates obtained from the capture-recapture model
as we did not look at time-dependent results. To check our
results, we also fitted the data sets separately (i.e. run the same
models for each colony) and we found that the estimates were
similar to the ones presented in results section.
Fig. 1 Probability of female
brood desertion (upper panel),
number of females observed in
the colony (middle panel), and
number of censored data (i.e. as
uncompleted associated with
lower weight in the analysis;
bottom panel) at successive days
of chick’s life in Hornsund (blue)
and Magdalenefjorden colony
(orange)
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We also fitted models to the subset of capture-recapture
data containing only records of females, for which we collect-
ed data of their duration of parental care (i.e. 56 females, with
25 from Hornsund, and 31 from Magdalenefjorden; hereafter
the female subset). However, for these data the site and the
duration of female parental care covariates were correlated. A
solution to address this collinearity issue would be to fit a
capture-recapture model in which survival was dependent on
the duration of female parental care for each site separately.
However, we were unable to do so for two reasons. First, we
were unable to estimate capture probability for the female
subset fromMagdalenefjorden (the data did not contain zeroes
between capture occasions). Second, when we fit the capture-
recapture model for the Hornsund female subset the survival
parameter estimates reached the boundaries. Because of all
these limitations we included the data for the 56 females in
our analysis but we did not consider site covariates, being
aware of the possible effect of muliticolinearity (thus these
results should be treated with caution). In this analysis, the
survival probability depended on the presence covariate (i.e.
estimated chick age at the female desertion) and the capture
probability was constant. For significance, we established
95% confidence intervals for the regression line with a boot-
strap method. We performed all this survival modelling in R
(R Core Team 2018).
Parental effort. To analyse the relationship between a fe-
male parental effort and her duration of parental care over the
chick, we focused on the number of chick feedings performed
by each female per 24 h, and the duration of her foraging trips.
For this analysis, we used data for only two of the three sea-
sons for Hornsund, as we did not have data from the mid-
chick rearing period in 2004. We calculated the number of
feedings per 24 h from the 48 h unit of observation/recordings,
counting the number of feedings in the whole unit performed
by the female and dividing it by 2. Since duration of foraging
trips in the little auk has a bimodal distribution (Steen et al.
2007; Welcker et al. 2009a; Wojczulanis-Jakubas et al. 2010;
Brown et al. 2012) we established division for short- and long-
lasting trips. As the distribution of duration of foraging trips
may be season- or site- dependent (Welcker et al. 2009a),
initially we established the cut-off value for each season/
colony separately, based on the algorithm proposed by
Welcker et al. (2009a), where the best cut-off value is that
which minimizes the sum of the variances of both trip types
given their log-normal distribution. It resulted in four different
cut-off values: 7.5 h (Hornsund 2016), 7.9 h (Hornsund 2017),
6.6 h (Magdalenefjorden 2009), and 7.3 h (Magdalenefjorden
2010) (Fig. S2). However, these cut-off values did not differ
remarkably, therefore, we also considered a single cut-off val-
ue for the whole data set (set on 8.8 h) followingWojczulanis-
Jakubas et al. (2010). This single cut-off value is based on the
assumption that the long trips performed during the chick-
rearing period serve primarily the adults’ self-maintenance
(although the birds bring food for the chick from long trips
too), and so they should last as long as the foraging trips
performed by adults during the incubation period, when the
birds are free of chick provisioning duty (Wojczulanis-
Jakubas et al. 2010). Since, both approaches to trips split gave
qualitatively the same results in the analysis of the relationship
between the duration of foraging trips of a female and her
duration of parental care over the chick, for simplicity we
finally presented results based on the single cut-off value split.
We analysed the estimated duration of female parental care
over the chick using linear regression (linear model; LM),
with the number of chick-feedings and colony as explanatory
variables. We also included in the model the interaction be-
tween the colony and the number of feeds by females, so we
could model differences on the effect of feeding rates on the
estimated duration of female parental care between the sites.
Then, we analysed the relationship between the estimated du-
ration of female parental care and the duration of foraging trips
for females, using linear mixed models, separately for each
trip type. We regressed the duration of female parental care
with duration of the trip and the colony as explanatory vari-
ables. To control for a possible effect of pseudoreplication
(multiple foraging trips performed by each female), we includ-
ed female identity in the model as a random factor. The inter-
action between the colony and the mean duration of trips was
also included in the model, so we could model differences on
the effect of the mean duration of the trip on the estimated
duration of female parental care over the chick among both
sites. We checked assumptions of all the models using visual
inspection of the residuals.
We performed all the analysis in R environment (R Core
Team 2018), using ggplot2 (Wickham et al. 2018) and ggpubr
(Kassambara 2018) packages for plotting.
Results
Duration of female parental care. Overall, females deserted
their chick when it was between 16 and 30 days old. On
average, females in Hornsund deserted the brood three days
earlier than females from Magdalenefjorden. The mean esti-
mated chick age at the female desertion was 22.6 (SE ± 0.52)
in Hornsund and 25.6 (SE ± 0.42) in Magdalenefjorden. Even
considering that some data were censored (i.e. being uncom-
pleted had a different weight in the analysis), the inter-colony
difference held true (LRT = 10.36, p < 0.001; Fig. 1). In both
colonies, chicks fledged on average on 26 day of life
(Hornsund: SE = 0.37, Magdalenefjorden: SE = 0.31; Fig. 2,
and Fig. S4 for values separate for seasons). This difference in
chicks age at the moment of female brood desertion resulted in
proportionally longer periods of male-only care in Hornsund.
Consistently, as female little auks stayed longer with the brood
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in Magdalenefjorden, some of Magdalenefjorden chicks did
not experience uni-parental care.
Survival.We first considered the capture-recapture data for
all individuals. We fitted all the possible models, which in-
cluded all combinations in terms of site and sex covariates in
the survival (ϕ) and the capture probability (p). The three best
models in terms of AIC (Table 2; further results are given in
the supplementary material in Table S3) included site and sex
dependencies in both parameters. For the best model, both
survival and capture probabilities depended on the site covar-
iate. The survival probability for this model was estimated
higher in Hornsund (ϕ = 0.75, SE = 0.07) than in
Magdalenefjorden (ϕ = 0.44, SE = 0.10). In contrast, the cap-
ture probability was estimated lower in Hornsund (p = 0.34,
SE = 0.07) than in Magdalenefjorden (p = 0.76, SE = 0.25). In
the second best model, survival again only depended on the site
covariate, and for this parameter the estimates were identical to
those in the top model. On the other hand, in the second best
model, the capture probability depended both on the sex and
site covariates, and the corresponding capture probabilities
were p = 0.33 (SE = 0.10) for females in Hornsund and p =
0.35 (SE = 0.10) for males in Hornsund; p = 0.75 (SE = 0.26)
for females in Magdalenefjorden and p = 0.77 (SE = 0.26) for
males in the same site. In the third best model the survival
probability depended on both covariates, and the capture prob-
ability depended only on the site covariate. In this model the
survival probabilities were ϕ = 0.75 (SE = 0.09) for both fe-
males and males in Hornsund, and ϕ = 0.43 (SE = 0.11) for
females in Magdalenefjorden and ϕ = 0.44 (SE = 0.12) for
males in the same site. The capture probabilities were similar
to those in the best model. These results show that the proba-
bility of survival was much higher in Hornsund than in
Magdalenefjorden, however the capture probability was much
lower in Hornsund. The estimates obtained in the second and
third best models in terms of AIC suggest that survival and
capture probabilities were similar for both sexes.
Considering the female subset data (with both colonies
pooled) we found a negative trend in the relationship between
the duration of female parental care over the chick and their
survival, (α = 1.20 (0.19), βpresence = −0.25 (0.19), where al-
pha and beta are the intercept and slope respectively corre-
sponding to the logit transformed survival probability; Fig. 3).
Parental effort. There was no apparent relationship be-
tween duration of female parental care over the chick and
the number of chick-feedings or the duration of short or long
foraging trips performed in the mid-chick rearing period
(Table 3; Fig. S5, S6).
Discussion
As expected, we found little auk females from Hornsund de-
parted the colony on average 3 days earlier that those from
Magdalenefjorden. Since duration of nesting period was sim-
ilar in the two colonies, this difference indicated proportion-
ally longer parental investment of females in the
Magdalenefjorden colony. The two colonies differ in terms
of environmental conditions in the little auk foraging areas,
with Hornsund having usually more favourable conditions
(see, for example, Jakubas et al. 2011; Kidawa et al. 2015).
Thus, the inter-colony difference in the duration of female
parental care over the chick seems to be related to these con-
ditions, rather than a feature of the colony. The inter-seasonal
difference in the duration of female parental care over the
chick in Hornsund (Fig. S3) seems to support this conclusion.
Thus, female little auks stay with the brood longer in less
favourable conditions, probably in this way compensating
for food shortages. In other words, they stay with the brood
Fig. 2 Density distribution of the
duration of nesting period (i.e.
chicks age at fledging) in
Hornsund and Magdalenefjorden
colony (left panel), and bootstrap
distribution of the inter-colony
difference in mean day of the
chicks fledging (right panel); the
black vertical line at 0, being
within the range of the permutated
distribution, indicates no signifi-
cant difference between the two
colonies in the duration of the
nesting period
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as long as it is necessary. Adjustment of parental behaviour by
female little auks to current environmental conditions is con-
sistent with the great flexibility of the species observed in
various contexts related to foraging (Jakubas et al. 2011,
2016, 2020; Brown et al. 2012; Gremillet et al. 2012;
Amélineau et al. 2016).
Although female brood desertion as a response to environ-
mental condition, being a background question of the present
study, seems to be the most parsimonious explanation of the
overall variation in the duration of little auk female parental
care over the chick, we cannot also exclude another factor also
influencing female behaviour. In Magdalenefjorden as well as
in Hornsund there are both early- and late-deserting females.
An alternative (or additional) explanation to the observed var-
iation could be a variation coordination within pairs of paren-
tal responsibilities. It has been found that degree of parental
coordination is strongly associated with the ultimate conse-
quence of sexual conflict such as brood desertion, with low
coordination with mates resulting in earlier brood desertion of
one parent (Baldan and Griggio 2019). A recent study on little
auk parental strategies has showed that parents do coordinate
their chick provisioning, avoiding overlapping of long forag-
ing trips in regard to each other (i.e. securing even in time food
delivery; Wojczulanis-Jakubas et al. 2018). Parental coordi-
nation has been found to be highly variable and could not be
explained by environmental conditions (Grissot et al. 2019).
In such a context, female brood desertion in the little auk could
be linked to low coordination. We are not currently able to test
for such a possibility but this issue definitely warrants a thor-
ough study.
Although long-lived species are not expected to prioritize
offspring care at the cost of their own survival (Beaulieu et al.
2011; Ghalambor and Martin 2016), in the short term they
could extend their parental investment in order to ensure that
the current breeding attempt is successful. In this context, we
expected that female little auks from Magdalenefjorden colo-
ny would extend their parental care to secure the current
breeding attempt and that could further influence their winter
survival. We found that, indeed, the relationship between sur-
vival probability and estimated duration of female parental
care over the chick was negative - the longer the female stayed
with the brood the lower was the probability of her survival.
However, due to data limitations explained above, we were
unable to obtain any site-specific results. Therefore, to con-
firm this relationship, future work should focus on the collec-
tion of additional data for several more seasons. Besides, the
duration of female parental care over the chick was not related
to their parental effort earlier in the chick rearing period, and
survival of males and females was similar both in Hornsund
and Magdalenefjorden colony. Thus, although female brood
desertion and winter survival are linked, the relationship is not
that straightforward.
Fig. 3 Estimated survival
probability for both sites as a
function of the estimated duration
of female parental care over the
chick (expressed as estimated
chick age at the female desertion).
The 95% bootstrapped
confidence interval is shown by
the dashed lines
Table 3 Output of models describing association between estimated
time of colony departure of females and colony/N feedings/short trips/
long trips/interactions. N feedings – number of the chick feedings per-
formed by female per 24 h, LT – long foraging trips, ST – short trips
Model/Parameter Estimate SE t p
LM; Intercept 24.38 2.13 11.47 <0.001
N feedings −0.15 0.51 −0.29 0.78
Colony 0.06 2.70 0.02 0.98
Colony x N feedings 0.39 0.63 0.61 0.55
LMM; Intercept 23.73 0.58 40.66 <0.001
Short trips (ST) duration −0.03 0.06 −0.46 0.65
Colony (M) 1.57 0.79 1.98 0.06
Colony (M) x ST duration 0.01 0.07 0.20 0.84
LMM; Intercept 24.38 2.07 11.79 <0.001
Long trips (LT) duration −0.04 0.13 −0.34 0.74
Colony (M) −0.13 2.59 −0.05 0.96
Colony (M) x LT duration 0.11 0.16 0.71 0.48
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Survival of birds from Magdalenefjorden was in general
lower compared to Hornsund. This difference is likely to be
related to the difference in environmental conditions between
the two colonies (Jakubas et al. 2011; Hovinen et al. 2014a;
Kidawa et al. 2015). Although both colonies experience inter-
annual differences in environmental conditions, overall, pa-
rental birds in Magdalenefjorden work harder than those in
Hornsund. The difference in effort is shown by more distant
and sometimes also longer duration of foraging flights in the
former colony (Jakubas et al. 2011, 2013; Kidawa et al. 2015;
our results on difference in the duration of short foraging trips
a lso suppor t the conclus ion) . Thus , bi rds f rom
Magdalenefjorden seem to pay a cost of breeding in less
favourable foraging conditions in terms of their lower winter
survival. Obviously, this may not be the only explanation for
the inter-colony differences in the adult survival. We cannot
exclude that, for instance, the difference is generated at the
wintering grounds. Hovinen et al. (2014) have reported that
annual survival rates of adult little auks breeding on Svalbard
are influenced not only by summer sea surface temperatures
(SST) but also winter values of the North Atlantic Oscillation
(NAO) - an increase in both parameters is related to decreases
in little auk survival. Although wintering areas of
Magdalenefjorden population are yet undescribed, it is likely
that birds from Hornsund utilize different wintering areas,
given the high variability in the choice of wintering grounds
described so far (Fort et al. 2013; P. Dufour et al. unpublished
data). If so, birds from the two colonies might be exposed to
different wintering conditions, which in turn might affect their
survival.
Our results demonstrate that female brood desertion in the
little auk is a flexible trait dependent on environmental condi-
tions. However, although staying with the brood longer was
negatively associated with their winter survival, the relation-
ship was not that straightforward, as the duration of female
parental care over the chick was not related to their parental
efforts performed earlier in the chick rearing period, and sur-
vival of males and females was similar in both colonies de-
spite distinct environmental conditions. These results all to-
gether suggest that little auk females rather do not jeopardize
their survival by an extended parental care. Hence, the next
step in examining the reasons why females desert the brood in
the little auk should be perhaps reversing the question and
making it male-oriented: why do males stay with their chicks
longer than females?
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